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LINER HANGER 

This invention relates generally to wellbore casings, and in particular to welibore 
casings that are fonned using expandable tubing. 

Background of the Invention 
5 Conventionally, when a wellbore is created, a number of casings are Installed in 

the boTBhole to prevent ooilapse of the borehole wail and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the formation into the borehole. 
The borehole is drilled in intervals whereby a casing whidi is to be installed in a lower 
bor^ole interval is lowered throi«h a previously installed casing of an upper borehole 
10 interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuB are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings firom the borehole wall. As a consequence of this nested arrangement 
15 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves increased costs di^ to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, Increased drilling rig time Is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
20 diameters drilled in the course of the well, and Vhm large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming wellbores and wellheads, 
t Summary of the Invention 

25 According to the present invention there is provided a method of couplbig a 

radially expandable tubular member to a preexisting stmcture, comprising: 

positioning the tubular member and an expansion device within the preexisting 
stmcture; 

injecting fluidic materials into ttie tubular member, 
30 sensing the operating pressure of the fluidic materials; and 

radially expanding the tubular member into contect with the preexisting 
stmcture when the sensed operating pressure exceeds a predetenmined annount by 
displachg the expansion device relative to the tubular member. 
Preferably, sensing the operating pressure includes: 
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sensing the operating pressure of the fluidic materlais within the tubular 
member. 

Preferably, the method further com|»ises contacting an inner surfece of the 
tubular member with an outer surface of the expansion device during the displacement 
5 of the expansion device. 

Preferably, the outer surface of the expansion device Is tapered. 

Preferably, prior to the radial expansion of the tubular member, the tubular 
member comprises: 

a tapered portion; 

10 a non-tapered portion coupled to an end of the tapered portion; and 

another non-tapered portion coupled to another end of the tapered portion. 

Preferably, the tubular member comprises a wellbore casing. 

Preferably, the tubular member comprises a pipeline. 

Preferably, the tubular member comprises a structural support. 
15 Preferably, prior to the radial expansion of the tubular member, the tubular 

member comprises: 

a first tubular portion; 

a first tapered tubular portion coupled to the first tubular portion; 

a second tubular portion coupled to the first tapered tubular portton; 
20 a second t^red tubular portion coupled to the second tubular portipn; and 

a third tubular portion coupled to the second tapered tubular portion. 

Preferably, the outside diameter of the second tubular portton is greater than the 
outside diameter of the first tubular portion; and wherein the outside diameter of the 
second tubular portion is greater than the outelde diameter of the third tubular portton. 
25 Preferably, prior to the radial expanston of the tubular member, the tubular 

member further comprises: 

a third tepered tubular portion coupled to the third tubular portion; and 

a fourth tubular portton coupled to the third tepered tubular portion. 

Preferably, the outside diameter of the fourth tubular portton is greater than the 
30 outside diameter of the third tubular portton. 

Preferably, the tubular member comprises: 

a first tubular portion; 

a first tepered tubular portton coupled to the first tubular portion; 
a second tubular portion coupled to the first tepered tubular portion; 
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a second tapered tubular portion cx)upled to the second tubular portton; and 
a third tubular portion coupled to the second tapered tubular portion. 
Preferably, the outside diameter of the second tubular portion is greater than the 

outside diameter of the first tubular portion; and wherein the outside diameter of the 

second tubular portion is greater than the outside diameter of the third tubular portion. 
Preferably, the tubular member further comprises: 
a third tapered tubular portion coupled to the third tubular portion; and 
a fourth tubular portion coupled to the third tapered tubular portion. 
Preferably, the outside diameter of the fourth tubular portion is greater than the 

outside diameter of the thind tubular portion. 

According to another aspect of the present Invention there Is provided an 

apparatus for coupling a radially expandable tubular member to a pree}(i8ting stnjcture, 

comprising: 

a first tubular support member including a first internal passage; 
an expansion device assembly Including: 

a second tubular support including a second intemal passage operably coupled 
to the first intemal passage; 

one or more pressure relief valves operably coupled to the second intemal 
passage; and 

one or more expansion members coupled to the second tubular support and 
adapted to radially expand the tubular member as a function of the operation of one or 
more of the pressure relief vah/es. 

Preferably, one or more of the e)^nsion members comprise one or more 
annular expansion cones. 

Preferably, the second tubular support includes one or more radial openings, and 
a first releasable coupling; 

wherein one or nrx>ne of the pressure relief valves are positioned in oonresponding 
ones of the radial openings; 

wherein one or more of the expansion members comprise one or more annular 
expsffision cones coupled to the second tubular support; and 

wherein the apparatus further comprises: 

an expansion cone launcher coupled to the annular expansion cones and the 
radially expandable tubular member, and 
a shoe assembly, comprising: 



a third tubular support member including a third internal passage operaUy 
coupled to the second internal passage and having a restriction, and a second 
releasabie coupllrig releasably coupled to the first releesable coupling. 

Preferably, one or more of the expansion members are movably coupled to the 
5 second tubular support and are adapted to plastically deform the tubular member as a 
function of the operation of one or more of the pressure relief valves. 

Preferably, the expansion cone laundier con^rises a tapered tubular portion. 
Preferably, the tubular memb^ comprises a weDbore casing. 
Preferably, the tubular member comprises a pipeline. 
1 0 Preferably, the tubular member comprises a structural support. 

Preferably, prior to the radial expansion of the tubular member, the tubular 
member comprises: 

a first tubular portion; 

a first tapered tubular portion coupled to the first tubular portion; 
15 a second tubular portion coupled to the first tapered tubular portion; 

a second tapered tubular portion coupled to the second tubular portion; and 
a third tubular portion coupled to the second tapered tubular portion. 
Preferably, tt>e outside diameter of the second tubular portion is greater than the 
outside diameter of the first tubular portion; and wherein the outside diameter of the 
20 second tubular portion is greater than the outside diameter of the third tubular porHon. 
Preferably, the tubular member ftjrther comprises: 
a thin! tapered tubular portion coupled to the third tubular portion; and 
a fourth tubular ptxVan coupled to the third tapered tubular portion. 
Preferably, the outside diameter of the fourth tubular portion is greater than the 
25 outside diameter of the third tubular porUon. 

According to another aspect of the present Invention there is provided a system 
for coupling a radially expandable tubular member to a preexisting stradure, 
comprising: 

means for positioning the tubular member and an expansion device within the 
30 preexisting structure; 

means for injecting fluidic materials into the tubular member, 
means for sensing the operating pressure of the fluidic materials; and 
nrnans for radiaily expanding the tubular member into contact with the preexisting 
structure when the sensed operating pressure exceeds a predetennlned amount by 
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displacing the expansion device relative to the tubular memlw. 

Prefefably, the means for sensing the operating pressure Includes: 
means for sensing the operating pressure of the fluidic materials within the 

tubular member. 

Preferably, prior to the radial expansion of the tubular member, the tubular 
member comprises: 
a tapered portion; 

a non-tapered portion coupled to an end of the iaperea portion; and 
another non-tapered portion coupled to another end of the tapered portion. 
Preferably, the tubuler member comprises a wellbore casing. 
Preferably, the tubular member comprises a pipeline. 
Preferably, the tubular member comprises a structural support. 
Preferably, prior to the radial expansion of the tubular member, the tubular 
member comprises: 
a tapered portion; 

a non-tapered portion coupled to an end of the tapered portion; and 
another non-tapered portion coupled to another end of the tapered portion. 
Preferably, prior to the radial expanston of the tubular member, the tubular 
member comprises: 

a first tubular portion; 

a first tapered tubular portion coupled to the first tubular portton; 

a second tubular portion coupled to the first tapered tubular portion; 

a second tapered tubular portion coupled to the second tubular portion; and 

a third tubular portion coupled to the second tapered tiA)ular portion. 

Preferably, the outside diameter cX the second tubular portton is greater than the 
ojtside diameter of the first tubular portion; and wherein the outside diameter of the 
second tubular portion is greater than the outside dlam^r of the third tubular portton. 

Preferably, prior to the radial expansion of the tubular member, the tubular 
member further comprises: 

a third topered tubular portion coupled to the third tubular portion; and 

a fourth tubular portion coupled to the third tapered tubular portion. 

Preferably, the outside diameter of the fourth tubular portion is greater than the 
outside diameter of the third tubular portion. 



Brief Description of the Drawings 

For a better understanding of the presertf Invention, and to show more cieariy 
how it may bs canfed into ^ect. reference will now be made, by way of example, to 
the accompanying drawings, in whlch:- 

FI6S. 1 and 1a-1d are fragmentaiy cross-secHonai illustrations of an 
embodiment of a liner hanger. 

PIGS. 2a-2d are fragmentary cross-sectional illustrations of the placement of the 
liner hanger of FIGS, la-ld into a wellbore. 

FIGS. 3a-3d are fragmentary cross-sectional illustrations of the release of the 
bottom SSR plug from the apparatus of FIGS. 2a-2d. 

FIGS. 4a-4d are fragmentary cross-sectional illustrations of the release of the top 
SSR plug from the apparatus of FIGS. 3a-3d. 

FIGS. 5a-5c are fragmentary cross-sectional IBustratfons of the initiation of the 
radial expansion process for the apparatus of FIGS. 4a-4d. 

FIGS. 6a-6c are fragmentary cross-sectional illustrations til the continuation of 
the radial expansion process for the apparatus of FIGS. 5a-5c 

FIGS. 7a-7c are fragmentary cross-sectional illustrations of the drilling out of the 
collar upon the completion of radal expansion process for the apparatus of FIGS. 6a- 
6a 

FIGS. 8a and 8b are cross sectional illustrations of an alternative embodintent of 
an expansion cone assembly for use in the appsratus of FIGS. la-Id. 

Detailed Description of the Illustrative Embodimente 

An apparatus and method for plastically defomrdng a tubular liner within a 
weObore within a subterranean fbnmation is provided. The apparatus and method 
thereby provides a system for coupling a radially expendable tubular liner to an open 
hole or cased section of a welbors within a subterranean formaflon. Furthennore. in 
this manner, a wellbore casing, a pipeline, or e stmchiral support may be fomfied or 
repaired using the present illustrative embodiments. 

Referring Initially to Figs. 1 and la-Id, an embodiment of an apparatus 100 for 
radially expandir^ and plastically defonning a tubular liner includes a tubular hanger 
jdnt 105 coupled to a tubular expansion cone launcher 1 10. The tubular hanger joint 
105 includes a first section 105a, a first transition section 105b, an intermediate section 
105c, a second transition section 105d, and a second section 105e. The outside 
dtameter of the first and second secttons. 105a and ^05e, are preferably tess than the 
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outside diameter of the intermediate eecUon lb5a The intermediate section lOSc 
pr^erably further includes radially directed coupling elements 105ca-105cd affixed to 
the outside surface of the intennediate section 10Sc for enhancing the oonnectton of 
the tui)ular hanger Joint 105 to a preexisting structure fbllovving the radial expansbn of 
the tubular hanger joint using the apparatus 100. 

The expansion cone launcher 1 1 0 includes an upper tubular portion 1 10a, an 
Intemrediate tubular portion 1 lOb. and a lower tubular portim 1 10c. In a preferred 
enitf)odim6nt, the outside dbmeter of the upper portton 1 10a is less than the outside 
diameter of the lower portion 1 1 0c in order to fedlitate the placement of the apparatus 
100 within a wellbore» or other tubular member. In a preferred embodiment, the wall 
thickness <rf the intermediate portion 1 10b is tess than the wall thickness of the upper 
and lower portions, 1 10a and 1 lOc, in order to facilitate the initiation of the radial 
expansion of the expansion cone launcher 110. 

An expansion cone assembly 1 15 Is positioned within the expansion cone 
launcher 110 that includes a tubular coupling 120 that includes a conventional threaded 
coupling element 120a at one end for coupling the tubular coupling to a conventional 
support member and a threaded counterbore 120b at another end for coupling the 
tubular coupling to an end of a first tubular support 125. The tubular coupling 120 
further includes an Internal passage 120c for conveying fluldic materials. 

The first tubular support 125 includes an internal passage 125a for conveying 
fluidic matertals and an annular flange 125b, openings 125ca and 125cb, and a 
reieas^le coupHr^ 125d at another end. In an exemplary embodiment, the releasable 
coupling 12Sd is a conventional collet assembly having a plurality of resilient collet 
fingers. A second tubular support 130 includes an opening 130d at one end for 
receiving an end of the first tubular support 125, a counlert>ore ISOb, first and second 
shoulders, 130c and 130d, an inwardly directed annular flange 130e, and a threaded 
connection 1 30f at another end. An expansion cone 1 35 that mates with the interior 
surfece of the expansion cone launcher 110 includes an opening 135a and a 
countert>ore 1 35b at one end for receiving an end of the second tubular support 1 30 
and receiving an annular spacer 140, respectively, a countertxjre 135c at another end 
for receiving the shoulder 130c of the second tubular support, and an end face 135d 
that mates with the shouUer 130d of the second tubular support 

The annular spacer 140 is positioned receives an end of the first tubular support 
125 and Is posittoned within the oountertK)re 135b of the expansion cone 135 between 
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the end face of the tubular coupling 120 and the end feces of the first tubular support 
and the counterbore of the expansion cone. An end of a third tubular support 145 is 
received within the counterbore 130b of the second tubular support 130, and another 
end of the third tubular support abuts an end of a fourth tubular support 150. The 
5 fourth tubular support 150 includes one or more longltudinal passages. 150a and 150b, 
for conveying fluidic matertels, and an end of the fourth tubutar support mates with the 
annular flange 125b of the first tubular support 125. 

A fiflh tubular support 155 Includes an annular recess 155a at an end that mates 
with the annular flange 130e of the second tubular support 1 30, and another end of the 

1 0 fifth tubular support includes an annular recess 155b that mates with an end of a fourth 
tubular support 150. An end of a sixth tubular support 160 is threadably coupled to the 
threaded connection 130f of the second tubular support 130, and another end of the 
sixth tubular support mates with the interior surface of the lower portion 1 10c of the 
expansion cone launcher 110. 

15 Burst discs 165a and 165b are received within the openings 125ca and 125cb of 

the first tubular support member 125 in order to controliably pemilt fluldic materials to 
pass from the passage 125 into a first annular region 170 defined by the annular region 
between the first tubular support member 125, the second tubular support member 
130. and the sixth tubular support member 160. the passages 150a and ISOb. and a 

20 second annular region 175 defined by the annular region between the second tubujar 
support 130, the thbd tubular support 145 and the fifth tubular support 1 55. 

A shoe assembly 180 is coupled to the expansion cone launcher 1 10 and 
releasably coupled to the expansion cone assembly 115. The shoe assembly 180 
includes a tubular support member 185 that includes a releasable coupling 18Sa at an 

25 end that is releasably coupled to the releasable coupling 125d of the first tubuteu- 

support member 1 25 and a threaded connection 1 BSb at another end. In an exemplary 
embodiment, the releasable coupling 185a Includes a |4uraiity of radial splines that 
releasably engs^e the releasable coupling 125d. In this manner, the connection 
between the releasable coupling 125d and the mieasable coupling 185a may b^smit 

30 torque. The tubular support member 185 further includes an internal passage 185c for 
conveying fluidic materiais that Includes a restriction 185ca for receiving a conventional 
wiper plug, or other simiiar device, and a plurality of radially directed ribs 185d. 
An end of a tubular sealing sleeve 190 includes an annular recess 190a tor 
. receiving the lower portion 1 10c of the expansion cone launcher 1 lOp and another end 
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of the sealing sleeve includes a threaded connection 190b. The interior of sealing 
sleeve 190 further includes a plurality of radially directed ribs 190c. The sealing sleeve 
1 SO is coupled to the end of the lower portion 1 1 0c of the expansion cone launcher 1 1 0 
by a plurality of pinned connections 195. An annular body 200 of a cured cement is 
positioned between the tubular support member 185 and tie sealing sleeve 190. In a 
prefened embodiment, the sealbig sleeve 190 and the armular body 200 are Mricated 
from materiais that may be drilled out u«'ng conventional drilling equipment In an 
exemplary embodiment, the sealing sleeve 190 and the annular body 200 are 
fabricated from aluminum and cement, respectively- 

An end of a tubular member 205 is coupled to the threaded oonnectian 190b of 
the sealing sleeve 190. An end of a conventional tubular coupling 210 Is coupled to 
threaded connection 185b of the tubular support 185 and another end of the tubular 
coupling 210 is coupled to a conventional SSR plug set 215 including an upper and 
lower SSR plugs, 215a and 215b. The tubular coupling 210 and the SSR plug set 215 
are contained within the tubular member 205. TTw tubular coupling 210 Includes an 
internal passage 210a for oonve^ng fluklic materials, and the upper and lower SSR 
plugs, 215a and 215b. include Internal passages, 215aa and 215ba. respectively, for 
conveying fluidk: materials. 

In a prefsned embodiment, the apparatus 100 is provided as disclosed in one or 
more of the following: (1) U.& patenA application serial no. 09/454,139, attomey docket 
no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attomey docket na 25791 .7.02, filed on 2/23/2000. (3) U.S. patent applicatkin serial 
no. 09/502.350. attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
appHcatbn serial no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent appHcatkm serial no. 09/523.460. attorney docket no. 25701 .1 1.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. OS/512.895. attomey docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appHcation serial no. 09/611.941. 
attomey docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent appllcatton serial 
no. 09/588,946, attomey docket no. 25791.1 7.02. filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 
(10) PCT patent applicatnn serial no. PCT/USOO/18635, attorney docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provisional patent applicatton serial no. 
60/162.671. attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. provistonal 
patent applicatkm serial na 60/1 54,047. attomey docket no. 25791 .29. filed on 
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9/16/1099, (13) U.8. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attorney dodwt no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent appflcaUon serial na 60/159,033, attorney docket no. 25791 .37, filed 
5 on 10/12/1999, (16) U.S. provistonal patent application serial no. 60/212,359, attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent appficatkm serial 
no. 60/165,228, attorney docket no. 25791.39. fited on 11/12/1999. (18) U.S. 
provisional patent applicatbn serial no. 60/221,443. attorney docket no. 25791.45, filed 
on 7/28/2000. (19) U.S. provisional patent appHcation serial no. 60/221,645, attorney 
10 docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233.638, attorney docket no. 25791.47. filed on 9/18/2000, (21) U.S. provisional 
patent applicatton serial no. 60/237,334. attorney docket no. 25791.48. filed on 
10/2/2000. (22) U.S. provistonal patent applicatk>n serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2/20/2001; (23) U.S. provisional patent application serial 
15 no. 60/262,434. attorney docket na 25791.51. filed on 1/17/2001; (24) U.S. provisional 
patent application serial no. 60/259,466. attorney docket no. 25791 .52, filed on 
1/3/2001; and (25) U.S. proviskuial patent applteation serial no. 60/303,740, attorney 
docket no. 25791.61, filed on 7/6/01. 

Refemng to Hgs. 2a-2d, during operation, the apparatus 100 is positioned wittiln 
20 a wellt)ore 220 within a subterranean fbmiatkm 225. The welRxMrB 220 may include 
one or more preexisting sections of welltMre casing, and the welltwre 220 may tie 
posituned In any ortentatton from the vertical to the horizontal. InordertoposMonthe 
apparatus 100 within the welit)ore 220, a tubular support 230 having an internal 
passage 230a for conveying flukJic materials is coupled to Ihe Ihraaded coupling 
25 element 1 20a of the tubula- coupling 1 20. During placement of ifie apparatus 100 
within the wellbore 220, fluldic materials 235 within the vrallbore that are displaced by 
the apparatus 100 are conveyed through the fluid passages 215ba, 215aa, 210a, 185c, 
125a. 120c and 230a to a locatton above the apparatus 100. In this manner, surge 
* • i pressures during placement of the apparatus 100 within the wellbore 220 are 

30 minimized. In a preferred embodiment the apparatus 1(X) is initially positioned within 
the wellbwe 220 with the tubular member 105 in opposing relation to a preexisting 
secSon of a wellbore casing. In this manner, the tubular member 105 may be radially 
expanded Into contact with the preexisting weliborB casing. 
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Referring to Figs. 3a^. onoe the apparatus 100 has been positioned at the 
predetermined initial position within the welltxHe 220, fluidic materials 240 may then be 
injected Into the apparatus 100 using the passage 230a. The fluidic materials 240 may 
then pass through and out of the apparatus 100 using the passages 120c. 125a, 185c 
5 21 Oa, 215aa, and 21 5ba. bi thte manner, the proper fmctioning of the passages 21 Oa, 
120c 125a, 18Sc 210a. 21Saa, and 21Sba may be detemnlned. A ball 245. or other 
similar device, may then be introduced into the fluidic material 240 In order to release 
the lower SSR plug 215b In a well known manner. 

Referring to Figs. 4»4d. the upper SSR plug 215a may then be released in a 
1 0 well known manner by introducing another bail, or other similar devtee, into the fluidic 
material 240. 

Referring to Figs. 5d-5c a conventtonal dart, ball, or other similar device 245 may 
then be introduced into the fluidic material 240 and positioned in the nestrictton 185ca in 
the passage 185c of the tubular support 185. In this manner the region above the 

1 5 restriction 185ca is fluktidy isolate from the region below the restriction. Continued 

injectton of the fluMic material 240 following the pbcement of the dart 245 in the * * i 

restridk>n185ca will then ImTease the operating pressure within the passages 230a, ^ • • 
120c and 125a upstream of the restrictton 185ca. The Increased operating pressure in 
tum will rupture one or mora of the oipture discs, 165a and 165b. in this manner, the 

20 pressurized flukJlc material 240 will flow through the passages 125ca and 125cb into * * * 

m 

the passages 170. 150a, 150b, and 175. 

Referring to Figs. 6a-6c the releasable coupling 125d and the releasable * ! • « ' 

coupling 1 85a are then decoupled and the continued pressurizaflon of the fluMic • , 

nrtateriats 240 displaces the expansbn cone assembly 115 away from the shoe 
25 assembly 180 In the tongltudlnal direction. In this manner, the expansbn cone 
launcher 1 10 and the expandable tubular member 105 are radially expanded and 
thereby plastkally defonned. In a prefenned embodiment, the expansion cone launcher 
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1 10 and the exparKlable tubular member 105 are radfally expanded into contact with 
the interior surface of the wellbore 220, or other tubular member such as, for example, 
a wellbore casing, a pipeline, or a structural support In a preferred embodirront, the 
expandable tubular member 105 includes a plurality oT expandable tubular members 
5 1 05 coupled end to end. In several altematlve enribodiment, the releasable coupling 
125d and the releasable coupling 185a are then decoupled manually and/or 
automatically as a function of the operating pressure upstream of the restrlctioi 185ca. 

Refsm'ng to Figs. 7a«7c after the ocmpletion of the radial expansion of the 
expandable tubular member 105 and the expansion cone launcher 110, the expanston 

10 cone assembly 1 1 5 is removed from the wellbore 220, and the internal elements of the 
shoe assembly 180 are drilled out 

In a prefenBd embodiment the radial expansion of the expandable tubular 
member 105 and the expanston oone launcher 110 is provided substantially as 
disclosed in one or more of the following: (1) U.S. patent application serial no. 

15 09/454,139. attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney dodcet no. 25791 .7.02. filed on 2/23/2000. 
(3} U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent applicatton serial no. 09/440,338, attorney docket no. 
25791.9.02. filed on 11/15/1999, (5) U.S. patent applicatton serial no. 09/523,460, 

20 attorney docket no. 25791.1 1 .02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791 .12.02. filed on 2/24/2000, (7) U.S. patent 
appBcatton serial no. 09/51 1 ,941 , attomey docket no. 25791 .16.02, filed on 2/24/2000. 
(8) U.S. patent applicatton serial no. 09/588,946, attomey docket no. 25791.17.02, fitod 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122. attomey docket no. 

25 2579123.02. filed on 4/26/2000, (10) PCT patent appltoatton serial no. 

PCT/USOO/18635, attomey docket no. 25791.25.02, fitod on 7/9/2000. (11) U.S. 
provistonal patent application serial no. 60/162,671 , attomey docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047. attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent applicatton serial 

30 no. 60/159,082. attomey docket no. 25791 .34, filed on 10/12/1999. (14) U.S. 

provisional patent applicaflon serial no. 60/159,039, attomey docket no. 25791.36, filed 
on 10/12/1999, (IS) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. 60^12,359, attomey docket no. 25791.38, fitod on 6/19/2000, (17) U.S. provisional 
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patent application serial no. 6(V165.228. attorney docket no. 2579138. filed on 
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent applicatton serial 
no. 60/221 .645. attorney docket no. 25791 .46. filed on 7/28/2000. (20) U*S. provisional 
5 patent application serial no. 60^33,638. attorney docket no. 25791 .47, filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, atbmey 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001; (23) U.S. provisional 
patent appitcaUon serial no. 60/262,434, attorney docket no. 25791 .51 , filed on 

10 1/17/2001; (24) U.S. provisional patent application serial no. 60/259,486, attorney 
docket no. 25791 .52, filed on 1/3/2001 ; and (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791 .61 , filed on 7/6/01 . 

Refening to Figs. 8a and 8b, in an alternative embodiment, the apparatus 100 
Includes an expansion cone assembly 300 that includes a tubular coupling 305 having 

15 a conventional threaded coupling element 305a at one end for coupling the tubular 
ooupBng to a conventional support member and a threaded oounterbora 305b at 
another end for coupling the tubidar coupling to an end of a first tubular support 310. 
The tubular coupling 305 further Includes an internal passage 305c for conveying fluldic 
materials. 

20 The first tubular support 31 0 includes an internal passage 31 Oa for conveying 

fluMic materials and an annular flange 310b, openings 310ca and 310cb. and a 
releasable coupling 31 Od at another end. A second tubular support 315 includes an 
; « * * • opening 31 5a at one end for receiving an end of the first tubular support 310, an 

annular flange 315b at one end, an annular flange 315c at another end including 

•••• 

25 longitudinal passages 315ca and 31 5cb and an opening 31 5cc for receiving another 
end of the first tubular support 310, and an annular recess 315d at the other end. 

A first expanston cone retainer 320 includes an opening 320a for receiving an 
end of the second tubular support 315 and a counterbore 320b. The first expansion 
cone retainer 320 preferably mates virith the expan^n cone launcher 1 10. A first 
• • 30 expansion cone 325 includes an opening 325a for receiving the second tubulsn* support 
31 5, an annular recess 325b, and an annular recess 325c. The first expansion cone 
325 preferably mates with the first expansion cone retainer 320 and the expanston 
cone launcher 110. 
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A second expansion cone retainer 330 includes an opening 330a for receiving 
the second tubular sun>ort 315, an annular recess 330b. and an annular recess 330c. 
A second expansion cone 335 includes an opening 335a for receiving the second 
tubular support 31 5, an annular recess 335b. and an annular recess 335a The second 
5 expanston cone 335 preferably mates with the second expansion cone retainer 330 
and the expansion cone launcher 1 10. 

A third expansion cone retainer 340 includes a counterbore 340a for mating with 
the second expansion cone 335, a counterbore 340b for mating with the annular recess 
315d of the second tubular support, and an opening 340c for defining an annular 

1 0 passage 345. Another annular passage 350 is defined by the annular space between 
the first tubular support 31 0 and the second tubular support 31 5. 

Burst discs 355a and 355b are positioned In the openings 310ca and 310cb. 
respecHveiy, In order to controllably permit pressurized fluldic materials to pass from 
the passage 310a into the passages 345, 315ca, 315cb. and 350. 

15 It is understood that variations may be made in the foregoing without departing 

from the scope of the inventton. For example, the apparatus 100 may be used to form 
and/or repair, for example, a wellbore casing, a pipeline, or a structural support. 
Furthennore, the burst discs 165a, 165b, 355a, and 355b may be replaced with 
conventional pressure relief valves. 

20 Although illustrative embodiments of the invention have been shown and 

described, a wide range of nxxiification, changes and substitution is contemplated in 
the foregoing disclosure. Accordingly, It Is appropriate that the appended claims be 
constnied broadly. 



• • ■ 



• • • 
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Claims 



1. A method of coupling a radially expandable tubular member to a preexisting 
staidure, comprising: 

5 positioning the tubular member and an expandon device within the prmxisting 

structure; 

injecting fluidic materials hto the tubular member 
sensing the operating pressure of the fluidic materials; and 
radially expanding the tubular member into contact with the preexisting structure 
10 when the sensed operating pressure exceeds a predetennined amount by displacing 
the expansion device relative to the tubular member 

2. The method of dalrn 1, wherein sensing the operating pressure includes sensing 
the operating pressure of the fluidic materials within the tubular menAer. 

15 

3. The method of dalml or 2, further comprisingcontacting an inner surfi^ 
tubular member with an outer surface of the expanston device during the dispiaoement 
of the expansion device. 

20 4. The method of daim 3. wherein the outer surface of the expansion device is 
tapered. 

5. The method of daim 1 . wherein, prior to the radial expansion of the tubular 
member, the tubular member comprises: 

25 a tapered portion; 

a non-tapered portion coupled to an end of the tapered portion; and 
. , « , * another non-tapered portion coupled to another end of the tapered portion. 

6. The method of daim 1 , wherein the tubular member comprises a wellbore casing. 

7. The method of daim 1 , wherein the tubular member comprises a pipeline. 



• 

• • • . 
••• • 

•••• 



• 
• 
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8. The method of daim 1 « wherein the tubular member comprises a structural 
support 

15 



9. The method of daim 1 , wherein, prior to the radial expansion of the tutnilar 
member, the tubular member comprises: 

a first tubular portion; 
5 a first tapered tubular portbn coupled to the first tubular portion; 

a second tubular porfion coupled to the first tapered tubular portion; 

a second tapered tubular portion coupted to the second tubular portion; and 

a third tubular portion coupled to the second tapered tubular portion. 

10 10. The method of claim 9, wherein the outside diameter of the second tubular 

portion is greater than the outside diameter of the first tubular portion; and wherein the 
outside diameter of the second tubular portion Is greater than the outside diameter of 
the third tubular portion. 

15 11. The method of daim 9, wherein, prior to the radial expansion of the tubular 
men*)er, the tubular member further comprises: 

a third tapered tubular portion coupled to the tNrd tubular portion; and 
a fburth tububr portion coupled to the third tapered tubular portion. 

20 12. The method of daim 1 1 , wherein the outside diameter of the fburth tubular 
portion is greater than the outside diameter of the third tubular portion. 

The method of daim 1 
wherein the tubular member comprises: 
a first tubular portion; 

a first tapered tubular portion coupled to the first tubular portion; 
a second tubular portbn coupled to the first tapered tubular portion; 
a second tapered tubular portion coupled to tto second tubular portion; and 
a third tubular portion coupled to the second tapered tubular portion. 

The nnethod of daim 1 3, wherein the outside diameter of the second tubular 
tn is greater than the outside diameter of the first tiibular portion; and wherein the 
Je diameter of the second tubular portion is greats than the outside diameter of 
lird tubular portion. 



• •• 
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1 5. The method of dalm 1 3, wherein the tubular member further comprises: 
a third tapered tubular portion coupled to the third tubular portion; and 
a fourth tubular portion coupled to the third tapered tubular portion. 

5 

1 6. The method of claim 1 5, wherein the outside diameter of the fourth tubular 
portion Is greater than the outside diameter of the third tubular portion. 

1 7. An apparatus for ooupfing a radially expandable tubular member to a preexbting 
10 stnjcture, comprising: 

a first tubular support member including a first intemal passage; 
an expansion device assembly Including: 

a second tubular support including a second intemal passage operabty coupled 
to the first intemal passage; 
15 one or more pressure relief valves operably coupled to the second intemal 
passage; and 

one or more expansion members coupled to the second tubular support and 
adapts to radially expand the tubular member as a function of the operation of one or 
rrK>re of the pressure relief valves. 

20 

18. The apparatus of daim 17, wherein one or more of the expansion members 
comprise one or nK>re annular expansion cones. 

19. The apparatus of daim 17, wherein the second tubular support indudes one or 
25 more radial openings, and a first releasable coupling; 

wherein one or more of the pressure relief valves are posittoned in conesponding 
ones of the radial openings; 

wherein one or more of the mpansion members comprise one or more annular 
expansion cones coupled to the second tubular support; and 
• : • 30 wherein the apparatus further comprises: 

an expansion cone launcher coupled to the annular mpansion cones and the 
radially expandable tubular member and 
a shoe assembly, comprising: 

a third tubular support member induding a third intemal passage operably 
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coupled to the second internal passage and having a restriction, and a second 
releasable coupling releasably coupled to the first reieasable coupling. 



• •• • 

• ••• 

• ••• 
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20. The apparatus of daim 19, wherein one or more of the expansion members are 
5 movably coupled to the second tubular support and are adapted to (dastically defonn 

the tubular member as a function of the operation of one or more of the pressure relief 
valves. 

21 . The apparatus of daim 19, wherein the expansion cone launcher comprises a 
10 tapered tubular portton* 

22. The apparatus of daim 17, wherein the tubular member comprises a welibore 
casing. 

1 5 23. The apparatus of claim 17, wherein the tubular member comprises a pipeline. 

24. The apparatus of claim 17, wherein the tubular member comprises a structural 
support 

20 25. The apparatus of daim 17 wherein, prior to the radial expansion of the tubular 
member, the tubular member comprises: 
a first tubular portion; 

a first tapered tubular portion coupled to the flret tubular portion; 
a second tubular portion coupled to the first tapered tubular portion; 
25 a second tapered tubular portion coupled to the second tubular portion; and 

a third tubular portion coupled to the second tapered tubular portion. 

26. The apparatus of daim 25, wherein the outside diameter of the second tubular 
portion Is greater than the outside diameter of the first tubuteir portion; and wherein the 

30 outside diameter of the second tubular portion is greater than the outside diameter of 
the third tubular portion. 

27. The apparatus of daim 25, wherein the tubular mennber further comprises: 
a third tapered tubular portion coupled to the third tubular portion; and 

IB 



a fourth tubular portion coupled to the third tapered tubular portion. 

28. The apparatus of claim 27, wherein the outside diameter of the fourth tubular 
portion is greater than the outside diameter of the third tubular portion. 

5 

29. A system fbr coupling a radially expandable tubular mend)er to a preexisting 
structure, comprising: 

means for positioning the tubular member and an expansion device within the 
preexisting structure; 
10 means for injecting fluidic materials into the tubular member; 

means for sensing the operating pressure of the fluidlc materials; and 
means for radially expanding the tubular member inb contact with Vhe preexisting 
structure when the sensed operating pressure exceeds a predetemnined amount by 
displacing tiie expansion device relative to tfie tubular member. 

15 

30. The system of daim 29, wherein tf» means fbr sensing ttie operating pressure 
includes means for sensing the operating pressure of tiie fluidic materials witttfn ttie 
tubular member. 

20 31. The system of daim 29, wherein, prior to ttie radial expansion of tiie tubular 
member, ttie tubular member comprises: 
a tapered portion; 

a non-tapered portion coupled to an end of ttie tapered portion; and 
anottier non^pered portion coupled to anottier end of ttie tapered portion. 

25 

i • / 32. The system of daim 29. wherein ttie tubular member comprises a welibore 

•••• 

casing. 

• 

'*'*** 33. The system Of daim 29. wherein the tubular member comprises a pipeGm^ 

• •:• 30 

... 34. The system Of daim 29. wherein the tubular member comprises a structurEd 

support 

. 35. Ttie system of daim 29. wherein, prior to the radial expansion of the tubular 
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member, the tubular member comprises: 
a tapered portion: 

a non-tapered portion coupled to an end oT the tapered portion; and 
another non-tapered portion coupled to another end of the tapered portioa 

5 

36. The system of daim 29. wherein, prior to the radial expansion of the tubular 
memb^, the tubular member comprises: 

a first tubular portion; 

a first tapered tubular portion coupled to the first tubular portion; 
10 a second tubular portton coupled to the first tapered tubular portion; 

a second tapered tid>ular portton coupled to the second tubular portion; and 
a third tubular portion coupled to the second tapered tubular portion. 

37. The system of daim 36, wherein the outside diameter of the second tubular 

1 5 portion is greater than the outside diameter of the first tubular portion; and wherein the 
outside diameter of the second tubular portion is greater than the outside diameter of 
tl« third tubular portion. 

38. The system of daim 38. wherein, prior to the radial expansion of the tubular 
20 member, the tubular member further comprises: 

a third tapered tubular portion coupled to the tNrd tubular portion; and 
a fburth tubular portion coupled to the third tapered tubular portion. 

39. The system of daim 38, wherein the outside diameter of the fburth tubular portion 
25 is greater than the outside diameter of the third tiAular pwtion. 
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